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Cheminova Agro A/Sisthe regigrant and principa menufecturer of severd
organophosphate insecticides. Cheminova recently completed and submitted to EPA an acute
sngle-dose ord sudy of mdathion, usng human volunteer subjects. The study was conducted
in accordance with the highest ethicd dandards a Inveresk Reseerch, aworld-dass dinica
|aboratory thet has performed dozens of Smilar sudies on experimenta humen drugs for
submisson to the Food and Drug Adminigration. Within the last few years severd other
regigrants have sponsored and submitted Smilar gudies on other compounds. Cheminova
greatly gppreciaes this opportunity to provide the Executive Committee of the Sdertific
Advisory Board (SAB) these comments on the Report . . .On Data From Testing Of Human
Subjects (heresfter, “Report”) prepared by ajoint subcommittee of the EPA Sdentific
Advisory Board and the EPA FIFRA Scentific Advisory Pand (SAP). We dso gpprediate
the dgnificant effort of the Subcommittee and its support S in working for ayear and haf on
the contertt of the Report.

Thereismuch in the Report that we agree with. The current draft isin many respects
congderably improved over prior drafts that have become avallable. The Report now mekesit
clear that data from pedticide udies usng human volunteers can provide avariety of benefits
and are acoeptable for many purposesif widdy accepted ethical guiddines arefollowed. The
Report dso mekes a series of ussful recommendations about inditutiona changes and protocol
guidance that EPA should adopt in order to darify for future sudy plannerswhat ariteriashould
be usad and what procedures should be gpplied in the design, review, conduct, and acceptance
of new dudies.

However, thereis one mgor problem with the Report, and thisis the focus of our
commentstoday. Although not discussed in the executive summary or the tranamittdl |etter, the
body of the Report says that “the Subcommittee, in generd, would not support human
experimentation primarily to determineaNOAEL” because “[glenerating such data posd9
ethicd concerns’ (section 3.1, p. 10). Elsawherethe Report datesthat “generdly, human
dosing experiments are not gopropriate if the primary intent of the gudy isto determine or
reviseaNOEL or NOAEL 50 asto diminate the intergpecies uncartainty factor” (section 3.2,
p. 17). Aswe show below, however, the Report does not provide any support for this

podition.



Thisagpect of the Report isthe only redlly important issue before the Executive
Committee. It has become quite deear that the recently submitted human sudies meet the
ethicd criteriathat ordinarily govern the conduct of such sudies If accepted by the Agency,
however, this newly creted, intent-based criterion could provide an excuse for the Agency to
refuse to use the recently submitted studiesin satting RfDs. One of the mgior purposes of each
of the recently submitted Sudies wasto help in determining the proper NOEL s and the proper
uncertainty factors needed to st gppropriate acute reference doses (RfDs) for the compounds
in quesion. Asthe Report notes (p. 4), “when human data have been avallable and usad it hes
generdly rased the“ sofe dose”  Opponents of the use of the Sudiesin question have raised the
“ethics’ issue quite Smply because they do not want to have the safe dose increased, and they
are putting heavy pressure on Agency leedership to find away to ignore the data, despite the
Agency’slong-gtanding practice of usng humean datawhen avaladle in preference to anima
dudies

Our comments are designed to explore the Subcommitteg s gpparent
misundergandings of the EPA regulatory system and the incorrect logic thet underliethe
Report’ s disgoprova of human tedting for RfD purposes. The Executive Committes iswell
aware of how importart it istha the SAB’ s recommendations are saentificaly credible We
sncerdy hope thet the Committee will inds that the Report limit itsdf to the red saentific and
ethica issues, and will direct that gppropriate changes be made to the Report before gpproving
it.

The Statements About Using Human Studiesin RfD Setting Are Prospectivein Nature

Despite our srong disagresment with the Report’ s disgpproving statements about use
of dudiesto sat RfDs, we note with gppreciation that these Satements are prospective, thet is
they are amed only a sudiesthat might be conducted in the future. In sections 3.1 and 3.2 of
the Report—where mogt of the purported reesons for the podition are st forth—thereisno
mention of how to goply the principles to Sudies dreedy performed and submitted. Insteed,
the discusson in section 3.2 ends with the statement thet “the Agency needsto provide
guidance bath for its own polices and for parties contemplaing the submission of humen
volunteer data’ (p. 21).

Theissue of EPA’suse of dudiesthat dready have been conducted and submitted is
teken up specificaly in section 34.1 of the Report. The discusson garts (p. 29) by noting the
contralling importance of the 1972 HFRA amendment regarding the nead for informed consent
in human tesing. The Report points out that “the 1972 gatute mugt dso be viewed as
permitting use by the Agency of test data derived from human sudies when the law' s Srictures
aemd.” Itdsosays “Useful datamay, and often should, be used when they have been
collected in compliance with any gpplicable law or regulaion.”



The section goes on to discuss (p. 30) whether “ research results that have been
obtained in amanner incondstent with accepted ethicd gandards’ may be used in
decisonmaking. The Pand conduded (p. 31) that

No adgorithm can exis for making the decisonsraised by this
guestion. One can draw atempord “bright ling” benchmark,
afirming that from acartain date, dl resserch must meet certain
ethicd dandardsto be accepted by the Agency . . . But for
prior research . . . thereis an unavoidable need to rely on
judgment. . . Therewill, of course, be trangtiond issues even if
the Agency takes an unambiguoudy dear pogtion for the
future

Accordingly, the Report does not condemn the use for RfD purposes of the human
voluntesr udies recently submitted to EPA, whatever the Agency may decide with regard to
dudiesto be submitted in the future. Thisis epeddly true because the Sudies comply with the
dl traditiond ethicd criteriaas st forth in the Helsinki Dedaration, the federd Common Rule,
and other smilar codes requiring informed consent, use of inditutiond review boards €c.

The Report Failsto Show Why Studies Usng Human Subjects Should Not BeUsed in
Setting RfDs

The Report falsto provide any scentific or ethicd bags for regtricting the use of deta
that are gathered by generdly accepted procedures from informed volunteer subjects. The
Report putsforward severd arguments, but none of these can survive examination. We discuss
and respond to each of the arguments for the redtriction on use of datain the discusson thet
folows

Argument # 1. Humen teding is not completdly risk-free (p. 12).

Response: We agree, but in the dudies that are a issue here—monitoring hedlthy
adultsfor possible inhibition of blood cholinesterase after sngle doses of OP or carbamate
pesticddes—thereis practicaly no risk of any sgnificant adverse effect, given the nature and
revershility of the possble effect, the dinica setting and dose medicd monitoring, the Sngle-
dose regimen used for eech subject, the Sepwise nature of dosing, etc. The Report itsdf notes
(p. 12) thet dudies of thistype “aretypicdly confined to low or moderate doses of limited
duration and condructed as carefully as possble to avoid producing a serious effect, ether
acute or long term.”  Aswe pointed out in earlier comments, the Agency’s 1998 Neur otoxicity
Risk Assessment Guiddines, with which the SAB is quite familiar, dated thet for these
reasons ethicaly acceptable human studies could be performed to eva uate aspects of
neurotoxicty such as cholinesterase inhibition. In the maathion sudy, no treatment-rdated
effectswere seen in any of the subjects & any of thefive dose levels



In addition, it isincorrect for the Report to suggest that to be of vaue, blood
chalinesterase inhibition studies need to use doses high enough to yidd aLOAEL,, i.e, to cause
an effect to be seen. All persons experienced in the field know thet an inhibitory effect on
blood chalinesterase wiould be seen in such asudy if doseswere auffidently high. Thus, in
such drcumgtances (@) thereis no need to vaidate the test method by proving thet effects will
occur a ahigh enough levd (indeed, would this not raise its own ethicd questions?), and (b) a
chalinesterase inhibition NOEL at the highest dosetesed (HDT) isasvdid asit would beif it
were the next lower dose because an effect was seen @ the HDT.

In any event, the posshility of some risk to subjects cannot be areason for saying thet
datafrom an alr eady-completed study, conducted in accordance with widdy acoepted ethica
codes, can be usad for one purpose but not ancther. In acompleted study, any risk the study
presented dready has been incurred. Moreover, the recent dudies dl were desgned and
conducted a atime when there was every reason to think, based on EPA’swritten policieson
neurotoxicity risk assessment and cholinesterase inhibition, thet the Agency would accept and
use them for setting reference doses. Thereis no basswhatsoever for retr ospectively
goplying an “intent” tet in order to protect their subjectsfrom a“risk” thet no longer can be
experienced.

We ds0 think thereis no valid bassfor prospectively goplying an intent-based
criterion to sudies not yet conducted. The Report saysit could be ethicdly pemissbleto
conduct a human volunteer study if the goonsor is a professor seeking to advance saentific
knowledge, or a pedticide manufacturer who will use the study resulits to improve the protocols
for an upcoming animd sudy. Why, then, should it be ethicdly impermissble to conduct a
study posing no greater risk, Smply because the gponsor seeks to show that exposure to the
resdues of apesticide—from use of a product to control disease vectors or make food more
afordable—will not cause harm to humans? And why should it be impermissible to conduct a
NOEL dudy on a pesticdide with humen voluntears, if FDA not only permits but actuly
requires the conduct of a hedlthy human volunteer sudy to observe what toxic effects are
causad by higher and higher doses of a propased new human drug?

Argument # 2: The NOEL for neurobehaviord effects might be lower than for other meesures
of toxicaty (p. 13).

Responsa: Of coursethisispossble. For this reason, EPA has required studies of
possible acute, subchronic, and developmenta neurotoxicity in addition to udies regarding
chalinesterase inhibition. The NOAEL s from these sudies for neurctoxic effects virtudly
adways are higher then the blood chalinesterase inhibition NOELs. Our postion, smply, is
that if EPA wishesto regulate on the bass of a blood cholinesteraseinhibition
endpoint, it makesmore senseto use data from a proper human sudy than from arat
study of the same effect. Of course another endpoint should be usad if and when
gopropriate, eg,, if its usein combination with the gppropriate sfety factorsresultsin alower
RfD then the RfD from the human valunteer Sudly.



Argument # 3: Acute toxidty testing does not assess the potentid for effects from long-term
exposure (p. 13).

Responsa: Thisis catanly true, but thisaso is exactly why EPA requires avariety of
longer-term studies and does not attempt to protect againgt possible chronic effects only by
congdering the resullts of acute toxicity sudies. See the response to #2.

Argument # 4. “Daosng hedthy adults provides extremdy limited (if any) indghtsinto therisks
for the developing bran” (pp. 13-14). The Pand saysthisisthe “most serious problem” with
the human Sudies

Responsa: Thisargument, like the two thet precedeit, is & odds with the fundamentd
agpects of OPP s sysdem for assessing the possblerisks of pesticides. The human dudiesin
guestion are designed to determine the highest Single test dose a which blood cholineteraseis
not inhibited in hedthy adults. We dl undergtand thet thiskind of gudy will not evduate the
possibility of devdopmentd effectsin fetuses or infants. The need to metch the potentia
endpoints of concern with studies designed to detect those endpointsis afundamentd principle
of toxicology. It iswhy EPA haslong required sudies on developmenta and reproductive
effects and is now reguiring deveopmenta neurctoxicity sudies on many compounds The
endpoints from deve opmentd and reproductive effects gudies are conddered separatdy from
acute toxiaty results and can srve asthe regulatory trigger when the facts dictate this, but
ordinarily the NOAELsfor developmenta and reproductive effects are condderably higher
then those for blood chalinesterase inhibition.

Argument #5: The amount of exposure to pesticides that children experience may be
greater than adults experience.

Responsa: This satement, which probably istrue for some pedticides, hasno
relationship whatsoever to usng tets with human subjectsto st NOELsand RfDs These
studies do not meesure the amount of exposure, whether to children or adults, but rather hep
evauaewha levd of exposure is acoeptable from atoxicity dandpoint. Thisargument again
ignoresthe Agency’ s entire gpproach to risk assessment, which reguires both toxicity and
exposure aseIMents.

We grongly urge the Executive Committee to recognize the mistaken natur e of
the Report’scriticisns discussed under ## 2-5 above and to direct that they be deeted
from the Report beforeit issubmitted to the Adminigtrator.

Argument # 6: Studies need to have adequate Satisticd power (p. 15 and Appendices A and
B).



Response: We agree, but this does not mean there is a problem with using the recently
submitted sudies. In December 1999 we submitted to the Pand detalled Satigticd informetion
showing why the recent sudies do in fact have adequate datidicd power. Aspart of this
showing, we explained why it is not necessary or gppropriate, in the case of biood
chalinesterase inhibition, to atempt to measuretiny differences given the large amount of intra:
individud and inter-individua varighility in untrested humans. (For the bendfit of the Committee
we atach a copy of these comments) We agree that aworkshop to explore thisissueisa

good idea

In the meantime, we think Appendix B should berevised to remove the suggestion
that for all purposesit isimportant to be ableto measurevery small percentage
differencesand thusthat sudies (in humansor animals) would need to usea much
larger number of subjectsthan arecalled for by the Agency’scurrent testing
guidelines (all of which have been reviewed by the SAP and/or the SAB). If taken
literdlly, Appendix B could call into question the veidity of those guiddines It aso could
invaidate mog of the Agency’sanimdl toxidty database, 9nce most animd studies use roughly
the same number of subjects per dose group as the human sudies a issue here,

Argument # 7: Certain problems are “ associated with the use of NOAELSLOAELs(eg.,
Oesign dependency, not an edimated vaue but the result of atest)” and thus “the Subcommittee
does not believe human studies should be used to directly estimeate these quantities”

Response: This ssamsto be an argument for doing away dtogether with aregulatory
sysem based on NOAEL sin favor one uang adifferent metric such asthe ED,p. EPA has
been conddering such achange for along time but has not yet medeit.

We do not understand why thisissue should be thought to bar the use of human data
NOELYNOAELswhile dlowing the use of comparadle animd data NOELSNOAELSs. If
EPA wishesto moveto use of an ED,,-based gpproach, the data from the human studies could
be usad reedily to generate the nesded vadues. In the case of the mdahion sudy, given the
lack of response at the doses tested, this should result in a condusion that the ED;, for blood
cholineserase is greste—probably consderably greaster—than the highest dose tested. In
short, this argument furnishes no reasoned basis for avoiding the use of human volunteer gudies
insetting RFDs

Argument # 8: Fndly, the Report sets up some straw men and then atacksthem.

It dludesto “ethicd quandariesthat arise when [humen sudies) are used Smply to esablisha
NOAEL that lacks cogent scientific vaue and whose purpose can be interpreted as smply an
argument for higher parmissible exposureleves’ (p. 11), dthough it never sayswhet those
“quandaries’ are. Later the Report saysthat if the result of ahumean study “led to reduced use
of pesticides, then the benefit of less pegticide in the environment could beredized . . .

However, if the purposeis primarily to support the mongtary gain of acompany marketing a



product with no gility to rationdize the exposure in terms of generd bendfitsto sodety, then
the risk to individuas does not support this benefit” (p. 28).

Response: Bath the statements above contain the samelogicd flaw. Of coursg, if a
sudy—or aNOEL derived from it—"lacks cogent value” or cannot present any socid benefit,
then any risk to the human (or animd) subjects of the sudy would be difficult to judify. Butto
Sate what seems obvious, Sudies do nat lack cogent vaue merdy because they are designed
to demondrate what levels of pedticide exposure are sefe for people to experience. Tothe
contrary, the ability to use NOEL data from human sudiesin deciding whet levels of human
exposure are acceptable ssems to usto have great value. We do not understand why anyone
would think such dataare not “cogent” (aterm our dictionary defines as “bdievable’ or
“rdevant’). Human risk is being eva uated—why would data from tests of rat biood be more
bdievable or more rdevant then pardld humen data? What if the human sudy results showed
thet humans were congderably more susogptible than animasto the effectsin question? (This
posshility is one of the main ressons for Phase | experimental new drug tridsin hedthy humen
volunteers)

Likewise, udng the results of a study with human volunteer subjects to demondrate thet
avduable pesticide use can continue may be greatly bendfidd to sodety a large, and this
sodd bendfit will be quite independent of the profitsits registrant may redize from sdles
Moreover, it ordinarily isregarded as quite gppropriate to reward someone who makes
avalable a product that society vaues because, eg., the product improves the food supply or
helps prevent dissese. We do not see any ethicd issue here.

We suggest that these passages in the Report—and other smilar ones—should be
odeted. If they areretained, mogt readersinevitably will condude thet the Report’s
recommendations regarding usng humean sudiesto hdp sat RfDs flowed from an underlying
bias againg pedticides, pedticide manufacturers, and/or our profit-oriented economy, rather
then from any red concarns about sdentific or ethica problems with human testing.
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The Satigical Power Of A Human Sudy
To Detect Biologically Significant Differences
In Blood Cholinesterase Values

Comments Of CheminovaAgro A/STo The
SAB/SAP Joint Subcommittee On Datafrom Human Subjects

Prepared by Chris Wilkinson, Ph.D., Robert L. Seken, Ph.D.,
Lary R. Holden, Ph.D., and Edward C. Gray,
Hlinek, Schwartz & Connadlly, Inc.

December 23, 1999

These comments are submitted for the condderation of the U.S. EPA SAB/SAP Joint
Subcommittee on Data from Human Subjects (the Subcommittee) by Cheminova Agro A/S.
Cheminovaisthe sponsor of arecent sudy conducted a Inveresk Research (Inverek) to
determine whether maathion has effects on blood chalinesterase (ChE) levedsin humans Tedts
of this type have been performed during the past two years on anumber of compounds, a grest
dedl of information has been gathered, a acogt of severd million dollars. We respectfully ask
thet the Subcommittee congder the fallowing information in developing itsfind
recommendaionsto EPA.

Overview

At its November 30, 1999 mesting, the Subcommittee indicated that tests usng human
subjects are never useful for the purpose of setting NOEL s becausg, it was said, such tests
adways mug be sufficiently powerful to detect differences as smdl as one percant between
control and test groups, and that would reguire the use of thousands of test subjects. The
concluson tha tests mugt be adle to identify such amdl differences gopeared to have been
heavily influenced by (1) Dr. Herbert Nesdleman's position that detecting such amdl changesis
important because some amdl changes could cause Sgnificant effectsin the populaion at large,
and his characterization of agtudy by Duffy et d. (1979) as showing thet asngle exposuresto
an organophogphate & adose low enough to not cause immediatdy obsarvable dinical
symptoms could cause long-term adverse effects, and (2) Dr. Christopher Portier's podtion
thet, assagenerd desgn prindple, tets must be adle to detect very smdl changesin order to
adequatdy protect individudsin the populaion at large whose sengtivity or period of exposure
may be gregter than the subjects of thetest. Aswe explain beow, Dr. Nesdleman incorrectly
described the nature of sudy he referred to, and presented no other evidence that supports his



pogtion asit rdates to measuring inhibition of biood ChE, while Dr. Portier's pogtion is
incongstent with EPA's current risk assessment policies and practices and thus does not
evauate the ussfulness of ather human or animal gudiesin the context of EPA’s current
practice.

We go on to show thet such small changesin ChE inhibition are not of biologica
dgnificance. To demondrate this, we discuss the background variability in undosed humansin
the maathion gudy. We a0 present the position of an authoritative internationd organization,
the WHO/FAO Joint Mesting on Pedticide Residues, thet datidtically sgnificant inhibition of
20% or moreis regarded as bidlogicaly sgnificant whileinhibition & lesser levds mudt be
reviewed on a case-hy-case bads to determine whether it is of biologica or regulatory
dgnificance

FHndly, we present informeation about the Inveresk maathion gudy. The study report,
which soon will be submitted to EPA, showsthet Sngle ord doses of mdathion did not have
effectsa any of the five dosestested. Attached to these commentsis an andyds of detafrom
thet Sudy that showsit has aufficent datigicd power to provide meaningful and rdicble
sdentific information a an gppropriate leve of bidlogica rdevance (eg., power in excess of
0.9 to detect differences of 15% or more). We are providing this example to demondrate thet
it would be incorrect for the Subcommittee to condude thet human sudies of the type currently
being conducted necessaxily lack sufficent Satistical power, dthoughit is certainly proper for
the Subcommittee to recommend thet EPA give gppropriate congderdtion to this agpect of test
desgn.

Study purposes

At the outsst, we should daify the limited purposes for which the mdathion
sudy—and, we presume, other such dudies—areintended. The study should not be
congdered atoxidity sudy and cartainly was not intended to replace the vast number of anima
gudies on maahion thet have focusad on avariety of potentid toxic endpoints. Under what
EPA cdls aweght-of-evidence gpproach to risk assessment, the Agency typicdly usesthe
lowes anima NOEL or NOAEL available and goplies gppropriate uncertainty factorsto yidd
reference doses (RfDs) that then form the basis for EPA’ srisk assessments and regulatory
postions. For the category of pesticides to which maathion be ongs (organophosphorus
inscticides, or OPs), inhibition of ChE in red blood cdls (RBC) or blood plasmaordinaily is
by far the mogt sensitive observable effect from acute exposure. Detectable inhibition of blood
ChE typicaly occurs a dose leveswel beow those a which other, adverse effects (eg.,
neuratoxic symptomology) occur. When thisis found to be the case, EPA’s practice
(somewhat more consarvative than thet of mogt other regulatory agendies) has been to usethe
NOEL for inhibition of RBC or plasma ChE (not an adverse effect per sg), with gppropricte
sty fectors, asthe badsfor regulatory decisonmaking. Blood ChE inhibitionisused asa
biomarker of possble adverse chalinergic effects thet may occur in other tissues or organs,
usudly only at condderably higher doseleves



Cheminovathinksthat if EPA proposes to base the dlowable acute exposure leve for a
compound on aNOEL for blood ChE, it would be more gppropriate to use human blood ChE
datathan animd blood ChE data from experimentdly comparable animd sudies, provided of
course that the humen data are sientificaly valid and obtained from sudies employing fully
informed volunteer subjects. Aslate as 1998, EPA’ srepeatedly dated, officid pogtion has
been to give preference to humean datawhenever it isavalable Cheminovadso thinksthat the
ability to compare the human and animd dosa/reponse rdationships and NOEL vdues for
inhibition of ChE isextremdy vauable for risk assessment purposss.

The Inveresk mdathion sudy thusisintended to provide scientificdly sound data
indicating thelevd of asingle ord dose of mdathion causng no satidicdly sgnificant inhibition
of ChE inthered blood cdlsand plasmaof humans Thisinformation on the inhibition of humen
blood ChE could sarve asthe basis for establishing an acute RfD and/or hep EPA determine
whether it is gppropriate to reduce the default (10X) uncertainty factor typicaly used to
acoount for possble inter-gpedies differences In any event the information should leed to a
better undergtanding of the dircumstances under which this very widdy used pedticide could be
used with alow likdihood of causing sgnificant acute toxidity. Thus, the availability of humen
datamay hdp the Agency to condude that mdahion’ s availability for vauable public hedth and
crop protection uses should continue,

The Subcommittee sNovember 30, 1999 concluson that all sudies must be ableto
detect very small differencesisoverbroad and lacks scientific support.

The Subcommitteg s podition that human sudies dway's lack adequate Saistica power
for the purpose of satting NOAEL s or RfDs was made after vary little debate and without a
broad inquiry into or condderation of the rdevant facts. Wethink that such a categoricd denid
of the ussfulness of gudiesin humansis ingppropriate and overbroad because it ignoresthe
differencesin kinds and importance of effects that can be messured in sudiesin humans. In
paticular, we do not think the evidence and arguments that were presented to the
Subcommittee support aban on the use of human sudies that eva uate whether a compound
causssinhibition of blood ChE a particular doselevels

No evidence was presented that long-term effects can result from exposures that
do not cause acute clinical signs and symptons.

The Subcommittee position gppears to have been influenced to alarge extent by the
written and ord presantations by Dr. Needleman. The entire evidentiary basis of his argument
thet the ability to detect amdl differencesisimportant insofar as organophosphates are
concerned was his description of astudy of agroup of people who, he said during the medting,
hed " one exposure to organophosphates' and who ayear later were found to have differences
from controlsin thar EEGs  He argued that the sudy results show thet “when you give abran
poison, paticularly . . . organophosphetes, and you say thet you haven't produced an adverse



effect, you better be very surethat you haven't. And if thet effect isvery smdll, it requireslarge
numbers of subjects” A little later in the meeting, when Dr. McConndl dated his
understanding that the exposed subjects actudly had shown actud dinicd effects a the time of
expoaure, Dr. Needleman said, "No, youre wrong.”

Actudly, Dr. McConndl wasright. Theatidein quedionisDuffy e d., Long-Term
Effects Of An Organophaogphate Upon The Human Electroencephd ogram Toxicology and
Applied Pharmacology 47, 161-176 (1979). The study setting was extremdy aypicd: dl the
subjectswere workers a an indudrid fadility where sarin nerve gas was handled on an ongoing
bass. (Sainisnot aninsecticide, but ingeed is a fluorinated OP compound designed asa
potent neurotoxic warfare agent thet could kill or incgpacitate humans) And the subjects dl
hed shown dinicd sgnsof poisoning a the time they were exposed to the ges, asthe atide
daes

Seventy-seven indudtrid workers with histories of accidenta
exposureto sin were dudied. Thisshdl berefared to asthe
exposure (E) group. A subgroup of 41 E-group workers hed
higtories of three or more exposures within the 6 years
preceding the sudy. This subgroup shdl be referred to asthe
maximum exposure (M) group . . . For the purpose of this
study, an “expoaure’ isdefined as (1) verified higory of
discrete expoaure, (2) resultant dinicd sgns and symptoms
conggent with exposure, and (3) reduction in erythrocyte
cholineteraseto aleve a least 25% beow the individud's
pre-exposure basdine. Every “exposure” as defined for the
purpose of the sudy, was assodiaed with eguipment failure,
operator eror, or other indudtrid accident.

Thus, dl the expaosed subjects had indeed been subject to Sgnificant acute exposures a
unknown levdsthet were high enough to have causad obsarvable acute dinical effects a the
time of exposure. The artide does not say anything about the seriousness of the acute dinica
effects, how much the ChE inhibition may have exceeded 25%, the leved or duration of the
accidentd exposures of the various subjects, the maximum number of exposures suffered, or
how long the subjects had worked at the fadility (et leest 6 years, goparently).

The Duffy & d. sudy dearly had nothing to do with setting NOEL s for inhibition of
blood ChE or with subtle differencesin ChE leves It isthusdifficult to sse why this Sudy
lends any support a dl to the argument that detecting a 1-% difference in ChE inhibition in an
acute expasure context isimportant or even ussful.

In November 1999 the United Kingdom's Department of Hedth published a 250-page
report, Organophosphates, that surveyed extensvey the literature on the long-term effects of
exposure to organophosphate insecticides (induding Duffy et d). One of itscondusonsis



No dudies have examined the long-term effects of asngle
exposure to OPs insufficient to cause acute toxicity. However,
the findingsin individuals with prolonged and repeeted low-
dose exposures, and in those who have suffered recognized
acute poisoning, together indicate than risk of serious hedth
effects from such limited exposure must be smdl.

Dr. Needleman’s arguments are unrelated to the ethics or usefulness of testing
with human subjects.

Dr. Needleman' swritten presentation dated November 11, 1999 made a number of
other points. For example, he argues that the nervous system has limited reparative capabilities;
thet the more senditive the method used to meesure effects the lower the NOAEL ; thet asmadll
or rare effect can have important implications for populations; that children are more susceptible
to neuroactive substances than adults; that detecting amdl or rare effects of exposure requires
large numbers of subjectsto avoid Typell risks and that it' s not known whether low doses of
pesticdes that pase no dinica symptoms may nonethdess cause subtle or latent effects. Some
of these points are obvioudy true, while severd are unproven and some are highly
controversd. But the essantid point isthat none of them tendsin any way to show thet dl
sudies of dl effectsin human volunteer subjects are unhdpful or necessaxily lack adequete
datidica power. Nor do any of these points address the question of why it dwayswould be
better to rdy only on datafrom animd studies, which typicaly are no larger than human sudies
and have no more gatidica power.

The Subcommittee’ s recommendations on statistical power of tests should be
made in the context of EPA’s current approach to risk assessment, not some
proposed major restructuring of it.

The other mgor proponent of requiring Sudies to have adequate Satigtical power to
detect very amd| changeswas Dr. Portier. He a0 raised concerns about adequate Satidtica
power to detect very smdl changesin ChE inhibition. His views undoubtedly are afforded
great weight in this area because he is a biogiaidtician and the only datidician onthe
Subcommittee. But in hiswritten comments to the Subcommittes, dated November 30, 1999,
hiscdl for the ability to detect very amdl changesisrooted not in ether datistics or ethics, but
in his desired goproach to the risk assessment process.

EPA’s current gpproach uses test data to esimate the dose response rdationship (thet
IS, how the mean response in that population changes with dose) in the population from which
the test group was sHected. It then uses an intragpecies uncartainty factor (and the additiond
FQPA children’s sefety factor, when gppropriate) to account for human intraspecies variahility.
It does thiswhether or nat humen dataare used; if anima data form the basis for regulation, an
intergpedies factor ordinarily is used aswel.



Dr. Portier’ swritten comments argue thet atest’ s design should be such asto dlow it
to detect, with greet Satigtica power, aquite low percent change such as 5% or even 1%. He
says the reason for thisisto “tak|€] into account senstive individuas and possble effects of
longer expasures in the environment as compared to the laboretory.”  In other words, heis
sying, intragpedes (humean) varighility should be accounted for by increesing dramatically the
Sze of groups used in toxidity testing, ingtead of (or in addition to) gpplying a 10X intragpedies
uncertainty factor and, as gppropriate, an additiona 10X children’'s sefety factor (EPA’s
current goproach).t And he would account for uncertainties rdlated to the duration of redl-
world exposure by increesing the Sze of groups usad in short-term toxicdity testing, indead of
(or in addition to) EPA’s current gpproach of requiring the conduct of a series of sudies of
gopropriate dosing duration to etablish toxicity endpoints for various exposureintervals His
goproach to test 9ze would goply equdly to animd sudies. In effect, Dr. Portier is suggedting
thet the entire gpproach to test design and risk assessment now used by EPA (and other
agendies) should be dramaticdly changed. One might agree or disagree with some of the idess
he proposes, but it is dear that his pgper’ s arlguments about the need to detect 1 % differences
arenot amed a the ussfulness or gopropriateness of humean testing within OPP s current
framework for assessing risk.

The Subcommittee should address Satigtical power of testsin the context of the current
framework in which the tests could be used. The Subcommittee should assume thet
intragpecies differences will be adequately accounted for by EPA’s use of gppropriate
uncertainty factors. The Subcommittee should nat, éther expresdy or by implication, propose
sgnificant changesin the generd gpproach to EPA risk assessment. Nor should it try to
decide, for various kinds of potentid adverse or non-adverse effects, what particular degrees of
differences between test and control groups are of toxicologica dgnificance. Thet is not whet
the Subcommittee was convened to do, and thet is not where the Subcommiittee’ s expertise
lies The Subcommittee can make useful comments on the need for test power without
exceeding itscharge.

Satigtical power in the context of blood cholinester ase measurements

The power of astudy of agiven szeto detect a difference between dosed and placebo
groupsisafunction of, among other things, the 9ze of the difference that one nesds to detect.
We agree that very large groups are needed in order to be able to say rdigbly thet atrue 1%
difference between tested and control groups was not missed in atest in which no effect was
obsarved. Wedso agreethat it isimportant to take needed stepsto detect rdatively amdll
increases in the number of trestment-related effects thet cause Sgnificant conssguencesin
humans (We do note, however, thet thisis astrue of animd dudies asit is of human Sudies

t Similar suggestions for basic changes in the overal assessment to risk assessment, less
openly stated, are found in comments by other Subcommittee members to the effect
that testing in adults cannot be useful to protect children.
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Mo anima sudies designed to meesure the toxic effects of pedicides are of asze amilar to o
gmdler then the current human udies)

Howeve, it should be emphagzed that at leest with respect to blood ChE levels amdl
differences are naither biologicaly rdevant nor rdevant to humean risk assessment. Asnoted
ealier, blood ChE inhibition is not itsdf an adverse effect, but an easly messured, sendtive
biomarker thet arecent SAP Subcommittee cdled an “imperfect mirror” of potentid toxicity
thet may occur a other Stesif the ChE levd a those Stesis suffidently inhibited.

In addition, it is universaly recognized thet undosed, hedthy individudstypicaly have
wide vaidaionsin therr blood ChE messurements over rdaivdy short periods of time, and
these variations do not gopear to cause adverse effects. For indance, the blood ChE of each
subject in the Inveresk maathion sudy was measured a Sixteen different times over aperiod of
about three weeks. Eleven mae subjects recaived a placebo dose only; of them, the individua
with the leest downward deviation nonethe ess had one RBC ChE messurement that was 12%
beow the meen of dl Sxteen messurements, and one person had amessured vaue thet was
34% bdow the mean. The group means dso vary condderably from interve to intervd. For
ingtance, the mean of the RBC ChE readings for dl 11 placebos a 8 hours after dosng was
more than 6% lower than the meen of the same group only 4 hoursearlier. Thiskind of
varidhility isnot at al unusud and servesto place any discusson of the Sgnificance of 1% or
even 5% changesin proper perspective.

Toxicologids differ somewhat in their gpproaches to the issue of what kinds of
differences should be regarded as having biologica rdevance and regulatory sgnificance. Of
particular importance are the views of the Joint Meeting on Pesticide Residues (IMPR), an
FAOMHO organization thet recommends maximum resdue levds (MRLS internaiond
pesticide tolerances) under the UN's Codex Alimentarius Commission sysem.? The MPR's
views on whet leves of red blood cdl ChE inhibition are of bidlogicd (and thus regulatory)
dgnificance are s forth in its 1998 Report:

Regulatory agendes have traditiondly used various thresholds
such as 10% inhibition, 20% inhibition, or any aidicaly
sgnificant inhibition, in defining bidlogicaly sgnificant
Oepresson of enzyme activity. The Meeting conddered thet
gatidicaly sgnificant inhibition by 20% or more represents a

2 The FQPA provides that Codex tolerances by default are governing for EPA
tolerance-setting purposes. Section 408(b)(4) of the Federa Food, Drug, and
Cosmetics Act, as amended in 1996 by the FQPA, says that EPA cannot establish a
tolerance that differs from a Codex MRL without first proposing to do so and
explaining the basis for the difference. The Codex MRLs aso have an even more
ggnificant default status under the treaties and agreements administered by the World
Trade Organization.



dear toxicologica effect and any decison to disnisssuch
findings should be justified. The Medting dso agreed thet
gdidicdly sgnificant inhibition of lessthen 20% or Satidicaly
inggnificant inhibition above 20% indicate thet amore detalled
andyssof the data should be undertaken. The toxicological
sgnificance of these findings should be determined on a case-
by-case bass. Congderations affecting such determinations
indude inter alia the shape or dope of the dose-response
curve, assay vaiahility, and corrdaion with dinicd sgns

It isthus evident thet there is no Sngle magic number by which to gauge the biologicd
dgnificance of ChE inhibition. Thereisintermationa consensus thet adatidicaly sgnificant
decrease as high as 20% s of regulatory sgnificance, and thet, depending on theresulits of a
caxzby-case andyss, smdle vaiaionsthet are satigicaly Sgnificant may or may nat be
regarded as having biologica and regulatory sgnificance. This obvioudy isascience policy
metter upon which reasonable toxicologists and regulaory organizations may and do differ.

The EPA Office of Pesticide Programsis now conddering what criteriait should adopt in its
odiberations on adraft Saence Policy document on ChE inhibition issues. Mog importantly
for present purposes, thisissue is not one that has been debated by the Subcommittee, nor isits
resolution within the scope of the Subcommittee s respongibility.

Accordingly, if human sudies like those recently conducted are sufficiently powerful
when the detection difference conddered biologically sgnificant isin the range of 15% or 20%,
it would be unsdentific for the Subcommittee to condude that human sudies aways lack
enough power for usein establishing NOELs  The document thet accompaniesthis one
demondrates that the maathion sudy’ s Satidica power is more than adequate for such a
purpose. Other sudies of thistype probably have Smilar power. Moreover, we think that the
placebo data from anumber of dosdy amilar sudies conducted & the same fadility during the
same period can be pooled to improve the power of the individud sudies

Thus, the Subcommittee cannat justifiably condude that human sudies are never
auffidently powerful to judtify their usein etablishing NOAELSs, or thet asaresuit they ae
somehow unethical no matter how low the risk and how well the informed consent and
inditutiond review board aspects have been handled. Instead, the Subcommittee could
conclude that gudiesthat are manifestly inedeguate with respect to Satigtica power should not
be undertaken, and that such sudies should not form the sole basis for regultion.

Inthisregard, it should be kept in mind thet there are competing consderations with
regard to Sudy Sze. Asthe Subcommittee recognized, a smdl sudy may be powerful enough
toidentify an effect & aparticular dose, even if the same Szed sudy is nat sufficently powerful
to demondrate the lack of effect. Clearly, it would be ethicdly ingpproprigte to test more
people than necessary a alevd that causes an effect. What the Subcommittee gpparently
faled to noteisthet if an effect isnot seen a aparticular dose, astudy of thiskind can be



expanded sequentidly to increeseits power by adding further subjects a the same dose. This
dlowstherisk of olbsarving an effect in alarge number of subjectsto be minimized whiledso

dlowing amore robugt examingtion of theinitid indication that the compound does not cause

the effect.

The Subcommittee dso should congder thet the various pestidide Sudiesin animas and
humans can and should be viewed as complementary. It isnot just the results of a particular
gatigica power test goplied to each individua data set that tell us how confident to be about
the correctness of aregulatory decison. Within astudy, a series of conggtent results can lend
confidence to the correctness of the overdl condusion, as can the condstent results of a set of
various datigicd andyses (eg., andyses of individuals variaions from besdine over time and
andlyses of comparisons of group and control means a any giventime).  Different Sudies with
conggtent results likewise make regulators more confident of ther readings of each sudy
individudly. One presumesthat thisisamgor resson why EPA, FDA, and other regulaiory
agendies do nat require animd sudiesto be larger then they are. Chronic and subchronic
toxiaty sudiesin dogs for example, typicaly employ dose groups of no more than four animas
per group.

Analyses demondgtrate that studies like Cheminova’ s are able to detect important
differences with adequate statistical power.

Attached is a document (Selken and Holden, “The Subgtantid Power of Human-
Tegting Datato Contribute to the Dose-Response Characterization of Cholinesterase Inhibition
in Humans A Satigicd Andyss’) that presants and explains datidica power andyses of the
Inveresk mdathion human sudy RBC data. The document summary shows thet the power of
this gudy to detect variationsin ChE of 15% by each of two completdy different methodsis
grester than 90% (0.9):

Humen sudieslike the Mdathion Human
Chalinesterase Sudy initiated by Cheminova have subdantid
power to detect a dose that would cause cholinesterase
inhibition in excess of 15%. For example, in the Cheminova
sudy with an esimated sandard deviation of 10% in aperson's
RBC chalinesterase inhibition, the one-sded, two-samplet-
tests at a 5% sgnificance level have a power of 92% a each of
the highest doses to detect a 15% reduction in the mean
cholinesterase leve, and the trend test & a 5% significance leved
has a power of 96% to detect a 15% reduction in the mean
cholinesterase leves by the highest dose.

The Inveresk maathion study has not yet been submitted to OPP; preparaion of the find report
isin progress. However, the cholinesterase vaues can be made available to the Subcommittee
if thet isdedred.



R

Cheminova Agro A/S gppreciates the opportunity to present these comments and
hopes that the Subcommittee finds them helpful. The authors would be happy to provide the
Subcommittee any further information upon reques.

Attachment
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The Subgantial Power Of Human-Tegting Data
To Contribute To The Dose-Response Char acterization
Of Cholinegterase Inhibition In Humans.
A Satigical Analyss

Robert L. Selken J., Ph.D., and Lary R. Holden, Ph.D.
JSC Selken, 3833 Texas Avenue, Suite 230, Bryan, TX 77802
Td: 409-846-5175; Fax: 409-846-2671; E-mail: SelkenINC@aol.com

Executive Summary

Humen gudies like the Mdathion Human Cholinesterase Sudy initiated by Cheminova
have subgtantid power to detect a dose that would cause cholinesterase inhibition in excess of
15%. For example, in the Cheminova sudy with an edimated gandard deviaion of 10%ina
person's RBC cholinesterase inhibition, the one-Sded, two-sample t-tests a a 5% sgnificance
level have apower of 92% a each of the highest dosesto detect a 15% reduction in the mean
cholinesterase levd, and the trend test a a 5% sgnificance level has a power of 96% to detect
a 15% reduction in the mean cholinesterase leves by the highest dose

Humean dudies, like their animd bioassay counterparts, are desgned to provide
information on the dose-response relaionship over the range of dosestested. Spedificdly, the
primary datidica objective of these sudiesisto provide data on how the mean responsein the
test populaion changes asthe dose changes. The characterization of this dose-response
relaionship can be usad to identify no-observed-adverse-effect-leves (NOAELS) or risk-
gpedific benchmark doses like estimeated doses (EDs) or their lower bounds (LEDS) for the
population from which the test subjects were randomly sdected.

Theinformation on how the mean response in the test population changes asthe dose
changesthet is provided by ahuman experiment is combined with other information inthe
human risk characterization. Aswith animal bicassays other information is used to characterize
inter-individua varigbility within the test population and to extrgpolate from the test population
to other populations. For example, the uncertainty factor used to cheracterize intrapecies
vaiahility isnot based solly on the data collected to characterize the dose-response
relaionship for the mean. Smilarly, the uncertainty factor used to extrapolate from atest
population to another populaion is not based soldy on the data collected to characterize the



dose-response rdationship for the mean. Thus, during the human risk characterization, the deta
collected from human testing to cheracterize how the meen response in the test population
changes as the dose changes is supplemented with other information to identify individud
differences in sengtivity, to identify potentid sengtive subpopulations, and to extrgpolate from
adultsto children. Furthermore, human testing to generate data on the dose-response
rdaionship of the meen in humans for agpedific hedth endpoint is usudly supplemented with a
broad database of information derived from animd testing induding tests on awide variety of
potential hedth endpoints

Power cdculaions are an important dement of both experimenta design and data
interpretation. It isessentid that power caculaions accurady reflect the objective of the
tesing. Humen sudies like the Madathion Humean Cholinesterase Sudy initiated by Cheminova
have subgtantid power to do the job they wereintended to do. That job isto chaeracterize the
dose-response relationship describing how the mean response in the test population changes as
the dose changes in the range of dosestested. 1n such dudies, theleve of red blood cdll
(RBC) or plasma chalinesterase that is biologicaly sgnificant as abiomarker for an adverse
human hedth effect is generdly beieved to be of the order of 20% or higher. Thesze of the
human sudy initiated by Cheminova has power in excess of 90% to detect these levels of
cholineserase inhibition.



Dexcription Of Data

Dataavalablefor thisandyss of power are the RBC cholinesterase (ChE) results for
38 mde aubjects in the Maathion Human Cholinesterase Study initiated by Cheminova The
subjects were digributed among six dasses: 5 dose groups (0.5, 1.5, 5, 10, and 15 mg/kg) and
one placebo group. There were 16 repeated ChE measurements per subject. Six of these were
obtained prior to dosing and the remaining 10 obtained a different post trestment times. The
average of the Sx pre-dosing vaduesis usad asabasdine leve for eech subject. Raw ChE
vaues are then re-expressed as a percent decrease from basdine ChE. The specific number of
subjectsin eech groupisliged in Table 1.

Although the experimental design was organized in arepeated-messures format, the re-
expression of raw ChE measurements as decreases from basdine removed mog, if nat dl, of
the intra-subject corrdation. Thus, for the purposes of power caculation, the comparison
between any two dose groups for each time point can assume asmple oneway andyss of
vaiance modd. Spedificdly, aformd test of a ChE decrease from placebo would use the t-
datidic:

@ t= (Mo - Ma)/SEit

where M, is the sample mean for the placebo group, My isthe sample mean for dose d, and
SE isthe estimated gandard error of this difference in sample means. This Sandard error is
based on the usud one-way andyss of variance eimaor:

@  SEw =[S Un+Uny]*,

where n, and ny are the number of subjectsand Sisusud oneway andyss of variance
edimate of the dandard deviation among subjects That is

@ &= {SSX;-M)y}S(n-1) ,

where X;; isthe response of subject j indosegroupi. The quantity S(n-1) in the denominator
isthe ‘degrees of freedom’ (or smply df) and represents the amount of informetion about the
inherent between-aubject variation contained in S. Notethet df ‘uses dl the dose groups, not
just those two being directly compared via (1). In this study, the degrees of freedom vaue was
32.

Devdopment Of Power Computation Formulas
Sandard gatisticd methodology would compare the computed vaue of the datidict in

(1) dbovetoacritica vaue, Ty, from the Sudent’ st didribution. The quartity aisthe
spedified probahility of fasdy finding a (datidicaly) sgnificant difference. If tisgreder thean T,



 then thisistaken as evidence that thereis an actud inhibition of ChE levesin the dose group
compared with those in the placebo group. (Satidtica Sgnificance would nat, however, meen
thet the true inhibition is exactly the obsarved difference Mo-M.)

The power isthe probahility that the test will givea'sgnificant’ resut
(i.e, t>T..e) When the actud inhibition in ChE issomevaue, D. That is

(4  Power =P, =Prob{ t>T.,|adud inhibitionisD} .

Tofind the power for any trueinhibition leve, it is necessary to know the digribution of
t for different vaues of D. When D=0, t fallows the well-known Student’st didribution. When
D>0, however, t follows anon-centrd t distribution. Thisis more complicated then the Smplet
didribution and depends not only on degrees of freedom, df, but o on anon-centrdity
parameter, d. For thistype of comparison, the non-centrdity parameter is

(5  d=DAs(Un+1n)*}

Here, sisthe trueinherent sandard deviation (Sisan esimator of 5).  The mathematicd form
of the non-centrd t didribution is rather complex but is incorporated within commerad power
andyss software such as nQuery Advisor® (from Satistical Solutions). For spreadshet-
oriented power caculations, the non-centrd t didribution can be gpproximeted quite well by
the digribution of a Sudent’ st variate plusthevdued. That is

(6) Po=Prob{t>T.,|D>0} »Prob{ t+d>Ty,|D =0}
Thismeans P, can befound just by just computing d and finding:
(7) PD:PfOb{t>T1_a'd|D:O}

for the Sudent’ st didtribution using reedily available tables or functions in Soreedsheat
software. Note from (7) thet the power will increese asd increases. This meansthat power
increases as the true ChE inhibition or the number of subjectsincrease. Conversdly, the power
decreases asthe inherent variation, s, getslarger.

Computed Power For The Malathion Experiment

Asseenin (5) aove, some reesonable vadue for the inherent Sandard devidion, s, is
needed in order to compute power. Usng the cdculationsin (3), 10 different vdues of S, eech
an edimae of s were obtained and liged in Table 2. Assuming that these are dl representetive
of the same s, we sHected the median of these 10 vaues (9.83% or, more Smply, 10%) asa
reasoneble vaue to usein power cdculations Table 3 gives the power computed using the
formulas aovefor D in the range of 10-30%. Herewe dso assume thet a5% 1-9ded



ggnificancelevd (i.e, a=0.05) would be usad. Asisevident from Table 3, the power to detect
ChE inhibition levdsis subgtantid down to D=15% for dose groups with 7 subjects and down
to D=20% for dose groups with only 3 subjects Even a a 15% inhibition levd, the 0.73
power for 3-subject groupsis not unreasonable.

We can ds0 examine the power that would result over awider range of between+
ubject variadility, s Table 4 shows power results computed using two additiond vaues s=5
and s=13. These were chosen to bracket the Svauesin Table 2. Even for between-subject
variation as high as 13%, the power for important inhibition levels (i.e. 20% or greater) isvery
good (over 0.70). For smdler vdues of s, the power remains excellent even down to 10%
inhibition levels

Power To Detect Trends

When a dose-reponse pattern exigts, datigtical methodology designed to look for
trends or other such patterned effects should be more powerful than the more omnibus pairwise
comparisons. A modification of the formulas above make it possble to determine the power
for detecting linear trendsin the dose response for this, and Smilar, experiments. The common
test for trend utilizes an estimete, B, of the average change in ChE inhibition with dose (i.e, the
‘dope). B can be computed using lineer contragtsin an andyds of variance or, equivdently,
using the dope (but not the usud sandard error) from alinear regresson andyss Regardess
of how B isobtained, the rdlevant t-datidtic used to tes for trend is

8 t=B/S&
Asbefore, thist gaidtic is be compared with acriticd vdue from a Sudent’ st
digribution with df degrees of freedom. The estimated sandard error of the dope, S, isa

function of the inherent variaion esimate, S, (from formula 3 above), the gpacing of the dose
levels, and the number of subjects per dos=

@ SE =S/{Sn(d-D)*}* =S/Q
Thevdue D isthe weighted mean of dl the doselevdsin the experiment, i e,

(10) D =(Snd)/(Sn)
It isimportant to note that thistype of comparison actudly testsfor alinear component or
linear ‘tendency’ for trend. It does not assumethet the entiretrend islinear. Thus any
upward change in ChE inhibition with dose should be potentialy detectable with such atest.

The power associated with (8) is



(11) Powe = B,=Prob{t>T.,|actud trendisb}

Inthis case, t dso fallows anon-centrd t didribution, but with the non-centrdity parameter, d,
now being:

(12) d=bQs

For power cdculaions, it usudly moreintuitive to expressthe dope, b, in terms of the
inhibition & the highest dose, D, 1€,

(13) b = Dyex/ s

For example, because the largest dosein this Study is Aya=15 mglkg, an assumption theat b=1is
eguivaent to gecifying thet the inhibition & this doseis D=15%. Usng the same
assumptions as before, various powersto detect alinear trend in the maathion ChE human
study were computed and are summarized in Table 5. Aswaas the case with comparisonsto
placebo, the power to detect alinear trend in ChE inhibition is dso excelent down to at leest
15% (et the highest dose). The smdler the inherent between-subject variation, s, the greater
the ability to detect even weeker trends. A comparison of the samelevesof D in the parwise
tests (Table 4) with D..« in the trend tests (Table 5), shows thet the power is, in fact, grester
with thetrend test. Thus, atest desgned to detect a paitern in the data has more power than a
‘generd’ test when that pettern actudly occurs.



Tablel.
Configuration Of Dose L evels And Number Of Subjects Per Dose

For The Malathion Study
Dose L evel Number of
(mg/Kg) Subjects
0 (placebo) 11
0.5 3
15 3
5 7
10 7
15 7




Table 2.
Egimates Of Between-Subject Variability In Percent Decr ease-
From-Basdine Cholinesterase Leves

Timeof Egimated Between- Degreesof
Measurement after Subject Standard Freedom
Sart of Dosng Deviation, %

1 hour 7.28 32
2 hours 8.02 32
4 hours 11.74 32
8 hours 12.39 32
12 hours 12.09 32
1 day 8.12 32
2 days 10.15 32
4 days 10.55 30
7 days 9.50 32
14 days 5.67 32
Minimum 5.67

Maximum 12.39

Median 9.83

“2 missng meesurements for thistime period



Table3.
Power To Detect True Percent ChE Inhibition* Usng 1-Sided t Comparisons At A
Sgnificance Leve Of 5% (a=0.05) And An Inherent Between-Subject Sandard
Deviation Of s=10%.

Actua ChE 3 Subjectsper 7 Subjects per

Inhibition Dose? Dose?
(D),% (05and 15 (510, and 15
mg/kg) mgkg)

10 0.44 0.64

15 0.73 0.92

20 0.91 0.99

25 0.98 >0.99

30 >0.99 >0.99

Hnhibition = mean % deviation for placebo group — mean % devidion for dose group
2 Placebo group had 11 subjects and degrees of freedom for Sisequd to 32



Table4.
Power To Detect True Percent ChE Inhibition* Using A Range Of Between-Subject
Variation Levels. One-sded Pairwiset Comparisons At A Significance Leve Of 5%
(a=0.05) Were Assumed.

Inher ent Between-Subject Standard

Deviation
TrueChE .
Inhibition (D), dS”bJ easper -5 s=10 s=13
o 0’
0
10 3 091 0.4 031
7 0.99 0.64 0.46
15 3 >0.99 073 053
7 >0.99 0.92 0.75
20 3 >0.99 091 075
7 >0.99 0.99 093
25 3 >0.99 0.98 0.89
7 >0.99 >0.99 0.99
0 3 >0.99 >0.99 0.9
7 >0.99 >0.99 >0.99

Hnhibition = mean % deviation for placebo group — mean % devidion for dose group
2 Placebo group had 11 subjects and the dose groups hed either 3 subjects (0.5 and 1.5
mg/kg) or 7 subjects (5, 10, and 15 mgkg). Degrees of freedom for Swas equd to 32
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Tableb.

Power ToDetect A TrueLinear Trend In Percent ChE Inhibition* Using a Range of
Between-Subject Variation Levels. A 1-Sded Test For Trend At A Sgnificance Leve
Of 5% (a=0.05) Was Assumed.

True ChE Inhibition at the 15
mg/kg Dose, D, inthe

Resulting Power if Inherent Between-
ubject Sandard Deviation is

Presenceof aLinear Trend $=5 s=10 s=13
with Dose

10 (b=0.667) >0.99 0.74 054
15 (b=1.000) >0.99 0.96 0.84
20 (b=1.333) >0.99 >0.99 0.97
25 (b=1.667) >0.99 >0.99 >0.99
30 (b=2.000) >0.99 >0.99 >0.99

Hnhibition = mean % deviation for placebo group — mean % devidion for dose group
2 Placebo group had 11 subjects and the dose groups had either 3 subjects (0.5 and 1.5
mg/kg) or 7 subjects (5, 10, and 15 mg/kg). Degrees of freedom for Swas equd to 32
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